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AbsTrACT
background High body mass index (BMI) is the second 
leading contributor to Australia’s burden of disease and 
is particularly prevalent among Aboriginal peoples. This 
paper aims to provide insight into factors relating to 
obesity among Aboriginal adults and Aboriginal–non-
Aboriginal differences.
Methods Cross-sectional analysis of data from the 
45 and Up Study, comparing obesity (BMI ≥30 kg/m2) 
prevalence and risk factors among 1515 Aboriginal 
and 213 301 non-Aboriginal adults in New South 
Wales. Age–sex-adjusted prevalence ratios (PRs) for 
obesity by sociodemographic factors, health behaviours 
and health status were estimated (multivariable 
log-binomial regression) for Aboriginal and non-
Aboriginal participants separately. We quantified the 
extent to which key factors (physical activity, screen 
time, education, remoteness, area-level disadvantage) 
accounted for any excess Aboriginal obesity 
prevalence.
results Obesity prevalence was 39% among Aboriginal 
and 22% among non-Aboriginal participants (PR=1.65, 
95% CI 1.55 to 1.76). Risk factors for obesity were generally 
similar for Aboriginal and non-Aboriginal participants and 
included individual-level and area-level disadvantage, 
physical inactivity, and poor physical and mental health, 
with steeper gradients observed among non-Aboriginal 
participants for some factors (Pinteraction <0.05). Many risk 
factors were more common among Aboriginal versus non-
Aboriginal participants; key factors accounted for >40% of 
the excess Aboriginal obesity prevalence.
Conclusion A substantial proportion of the excess 
obesity prevalence among Aboriginal versus non-
Aboriginal participants was explained by physical activity, 
screen time, education, remoteness and area-level 
disadvantage. Socioeconomic and health behaviour 
factors are potential targets for promoting healthy BMI, 
but these must be considered within the context of 
upstream social and cultural factors. Adults with health 
needs and disability require particular attention.
InTroduCTIon
High body mass index (BMI) is the second leading 
contributor to the total burden of the disease in 
Australia, including through its association with 
diabetes, chronic kidney disease, coronary heart 
disease, stroke and cancer.1 These health conditions 
and associated disability can be both a cause and 
consequence of high BMI.
Obesity is particularly common among Aborig-
inal and Torres Strait Islander adults (40% among 
adults ≥18 years, based on measured height and 
weight2) and is associated with a substantial burden 
of disease.3 This obesity prevalence is significantly 
higher than the 27% observed among non-Indige-
nous Australian adults (age-adjusted obesity prev-
alence ratio (PR) of 1.5).2 4 Obesity prevalence 
is elevated among Indigenous compared with 
non-Indigenous adults in other countries including 
Canada, New Zealand and the USA (prevalence 
difference: 15%–20%, PR=1.6–2.05); this is at 
least partially attributable to lasting impacts of 
colonisation.6 7 For example, in Australia, colo-
nisation disrupted the traditional lifestyles and 
cultures of Aboriginal and Torres Strait Islander 
peoples; this has had lasting negative repercus-
sions on well-being, including through continuing 
socioeconomic disadvantage and reduced access to 
services, infrastructure and food security, discon-
nection from culture and land, and intergenera-
tional trauma.7–9
While the available large-scale evidence specific 
to Aboriginal and Torres Strait Islander adults indi-
cates that obesity prevalence is significantly higher 
among women versus men and among older (35–44, 
45–54  and ≥55  years)  versus  younger  (18–24  and 
25–34 years) adults, and does not vary significantly 
by remoteness,2 the existing evidence base is insuffi-
cient to identify specific factors underlying the excess 
obesity prevalence among Aboriginal and Torres Strait 
Islander adults compared with non-Indigenous Austra-
lian adults. As a result, there is insufficient evidence to 
guide programme and policy development to promote 
healthy BMI for this population.
The excess obesity prevalence may reflect a 
combination of factors, including differences in 
the prevalence of ‘known’ obesity risk factors 
between the two populations, differences between 
the two populations in the associations between 
factors and obesity and/or the presence of obesity 
risk factors unique to the Aboriginal and Torres 
Strait Islander population; to our knowledge, no 
previous research has attempted to investigate 
this. This paper aims to provide insight into the 
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factors relating to obesity in Aboriginali adults and Aboriginal– 
non-Aboriginal differences, using data from a large-scale study 
of adults living in New South Wales (NSW), Australia. It aims to 
quantify and compare associations between obesity and ‘known’ 
risk factors (sociodemographic factors, health behaviours, 
health status) among Aboriginal and non-Aboriginal adults; and 
to quantify the extent to which key factors (physical activity, 
screen time, education, remoteness, area-level disadvantage) 
account for any excess obesity prevalence in the Aboriginal 
population.
MeThods
setting
Around 649 000 Aboriginal and Torres Strait Islander people 
live in Australia, representing 2.8% of the total Australian popu-
lation.10 NSW is the state/territory with the largest Aboriginal 
and Torres Strait Islander population. Among the Aboriginal 
population  of NSW,  85.5%  live  in  urban  areas  and  28.4% of 
adults aged 25–64 years have completed education at the level 
of Year 12 or equivalent, similar to the distribution in the total 
Aboriginal and Torres Strait Islander population (respective 
figures of 79.0% and 29.6%).10
study population
The Sax Institute’s 45 and Up Study is a large-scale cohort study 
of men and women aged 45 years and older living in NSW. 
Adults were randomly sampled from the general population 
using the Department of Human Services (previously Medicare 
Australia) enrolment database, with oversampling in rural areas 
and of individuals aged ≥80 years. Recruitment occurred from 
2006  to  2008, with  an  18%  response  rate. To  join  the  study, 
participants completed a postal questionnaire and provided 
written consent for five yearly health questionnaires and linkage 
to routinely collected health data. The study design has been 
described in detail elsewhere.11
The 2010 data release includes data on 266 821 participants, 
representing 10% of the NSW population aged 45 years and 
older. Individuals were excluded from our analyses if they had 
missing data on Aboriginal status (n=4742) or age (n=11); 
BMI missing, <15 or >50 kg/m2 (n=19 716)12; or a history of 
cancer other than melanoma and non-melanoma skin cancer 
(n=27 536).
data
Remoteness and area-level disadvantage were derived from 
participants’ postcodes at recruitment; other variables were 
derived from baseline questionnaire responses.
Aboriginal status
Participants self-identified as being of Aboriginal and/or Torres 
Strait Islander origin (or neither) on the baseline questionnaire.13
Outcome
BMI, calculated from self-reported height and weight, was cate-
gorised  as  underweight  (<18.5 kg/m2),  normal  weight  (18.5–
24.99 kg/m2), overweight (25.0–29.99 kg/m2) or obese (≥30 kg/
m2); obesity was used as the outcome in the estimation of PRs.
i In this paper, the term Aboriginal, rather than Aboriginal and Torres 
Strait Islander, is used with respect to study participants as Aboriginal 
persons comprise the vast majority (95.9%, n=207 256/216 176) of the 
Indigenous population of NSW and are the original inhabitants of the 
area.10
Exposure variables
Sociodemographic variables included sex, age, annual house-
hold income before tax, highest educational qualification 
and employment status. Remoteness was categorised as 
major city, regional area or remote area, based on the post-
code’s mean Accessibility Remoteness Index of Australia Plus 
score.14 Area-level disadvantage was measured using the 2006 
Socio-Economic Index for Areas (SEIFA) Index of Relative 
Socio-Economic Disadvantage,15 collapsed into study popula-
tion tertiles.
Health behaviour variables included smoking status; average 
daily fruit and vegetable consumption; alcohol consumption; 
average number of weekly sessions of physical activity longer 
than 10 min, weighted by activity vigorousness16; and daily 
screen time and standing time.
Health status variables included prior serious illness (self-re-
ported doctor diagnosis of heart disease, stroke or diabetes); 
self-rated health; psychological distress, based on participants’ 
Kessler Psychological Distress (K-10) score; functional limita-
tion, based on the physical functioning subscale of the Medical 
Outcomes Score17; disability (self-reported need for assistance 
with daily tasks because of long-term illness or disability); and 
carer status.
See online supplementary supporting information file 1 for 
details.
statistical methods
We compared obesity prevalence among Aboriginal versus 
non-Aboriginal participants by estimating the PR and 95% CI, 
adjusted for age and sex, using multivariable log-binomial 
models. We estimated age-adjusted and sex-adjusted PRs for 
obesity across categories of exposure variables within the Aborig-
inal and non-Aboriginal participants separately; a category was 
included for missing data on each exposure variable, but these 
results are not presented. We tested for trend across categories of 
ordinal variables by re-running models with variables as contin-
uous variables (excluding participants with missing data on the 
exposure of interest). To test if associations between factors 
and obesity were different for Aboriginal and non-Aboriginal 
participants, we repeated each model in the full sample with and 
without an interaction term (Aboriginal status × exposure); we 
identified significant multiplicative statistical interactions using 
the likelihood ratio test.
We estimated the contribution of key factors to the excess 
obesity prevalence among Aboriginal (vs non-Aboriginal) 
participants. We examined changes in the Aboriginal–non-Ab-
original obesity PR between the base model (adjusted for age 
and sex only) and models additionally adjusted for (1) health 
behaviours (physical activity, screen time); (2) socioeconomic 
factors (education, remoteness, area-level disadvantage) and (3) 
health behaviours and socioeconomic factors together. Change 
in PR between models was calculated as: 100x(PRbase–PRadjusted)/
(PRbase–1).
18
Sensitivity analyses
We repeated analyses excluding underweight participants 
(n=2591) because these participants might be over-represented 
in poor health behaviour or health status categories within the 
non-obese reference group. We conducted additional analyses 
excluding participants with disability or functional limitation, 
given the potential link between functional limitation and ability 
to be physically active. 
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resulTs
sample characteristics
The final sample included 1515 Aboriginal and 213 301 
non-Aboriginal participants, with median age 55.2 and 60.1 
years, respectively. In general, a higher proportion of Aborig-
inal, compared with non-Aboriginal, participants were smokers 
and of lower socioeconomic position (including low educa-
tion, low income, area-level disadvantage) and poorer health 
status (including psychological distress, functional limitation, 
disability, self-rated health). A similar proportion of Aboriginal 
and non-Aboriginal participants had low physical activity, high 
screen time and high alcohol consumption. Table 1 presents 
these characteristics overall and by BMI category.
Among Aboriginal participants, 1.7% were underweight, 
23.4%  normal  weight,  36.4%  overweight  and  38.4%  obese; 
corresponding figures for non-Aboriginal participants were 
1.2%, 36.9%, 39.6% and 22.3%. The BMI distribution was 
shifted towards higher BMI in the Aboriginal versus non-Ab-
original sample (figure 1A). The proportion obese was generally 
higher for Aboriginal versus non-Aboriginal men and women at 
most age groups (figure 1B), with an overall age-adjusted and 
sex-adjusted obesity PR of 1.65 (95% CI 1.55 to 1.76).
Association between sociodemographic factors and obesity
Associations between sociodemographic factors and obesity 
were generally similar for Aboriginal and non-Aboriginal partic-
ipants (figure 2). Obesity prevalence was lower for persons 
aged  ≥65 versus  45–65  years,  and  higher  for  women  versus 
men and for those living in regional and remote versus urban 
settings, but these associations were only statistically significant 
in the non-Aboriginal sample. For both groups, obesity was 
significantly less common among those in paid work versus not 
(PR=0.87, 95% CI 0.75 to 0.99 and PR=0.79, 95%CI 0.78 to 
0.81),  and  there was  a  significant  trend  of  decreasing  obesity 
prevalence with increasing education, income and area-level 
advantage.
Although the relationship between education and obesity was 
in the same direction for Aboriginal and non-Aboriginal partic-
ipants, the gradient in obesity PR was steeper in the non-Ab-
original sample (P value for interaction <0.01). However, the 
absolute difference in obesity prevalence (unadjusted) across 
education categories was of similar magnitude for Aboriginal 
and non-Aboriginal participants.
Association between health behaviours and obesity
Among both Aboriginal and non-Aboriginal participants, obesity 
prevalence significantly decreased with increasing physical 
activity and standing time, and with decreasing screen time 
(figure 3). Across these exposures, membership in the most versus 
least active category was associated with an obesity PR of 0.79–
0.83 and 0.57–0.79, and a 6.8%–9.2% and 4.3%–11.9% lower 
obesity prevalence (unadjusted) in absolute terms, for Aborig-
inal and non-Aboriginal adults. The gradient in the relationship 
of physical activity and screen time to obesity was steeper for 
non-Aboriginal compared with Aboriginal participants (P value 
for interaction <0.01 and =0.04).
Among Aboriginal participants, there was not a significant 
relationship between fruit or vegetable consumption and obesity. 
Compared with never-smokers, Aboriginal (PR=1.16, 95%CI 
1.01 to 1.33) and non-Aboriginal (PR=1.23, 95%CI 1.21 to 
1.25) ex-smokers were significantly more likely to be obese, and 
Aboriginal current smokers were significantly less likely to be 
Table 1 Characteristics of Aboriginal and non-Aboriginal participants in the 45 and Up Study by body mass index (BMI) category
Aboriginal non-Aboriginal
normal weight overweight obese 
Total 
normal weight overweight obese 
Total bMI 18.5–24.99 bMI 25–29.99 bMI 30–50 bMI 18.5–24.99 bMI 25–29.99 bMI 30–50
n 355 552 582 1,515* 78 698 84 473 47 565 213 301*
% of total 23.4 36.4 38.4 100.0* 36.9 39.6 22.3 100.0*
Median BMI (IQR) 22.9 (2.7) 27.4 (2.4) 34.0 (5.4) 28.3 (7.8) 23.0 (2.5) 27.1 (2.4) 32.8 (4.4) 26.3 (5.8)
Median age (IQR) 54.7 (13.4) 55.8 (11.7) 55.3 (11.7) 55.2 (11.9) 60.0 (17.8) 60.6 (15.6) 59.2 (13.6) 60.1 (15.9)
Male (%) 41.7 50.7 42.8 45.5 38.8 55.9 45.7 46.9
No school certificate (%)† 26.3 26.3 29.9 27.6 9.2 10.6 14.2 10.9
Household income <$20 000/year (%) 38.7 32.4 41.4 37.9 22.5 21.5 26.4 23.1
Most disadvantaged SEIFA tertile (%) 50.7 45.7 52.9 49.8 29.6 32.2 36.4 32.2
<7 physical activity sessions/week (%) 32.1 31.0 39.2 34.1 24.7 29.2 38.8 29.7
≥5 hours screen time/day (%) 28.8 38.2 38.7 36.0 28.1 32.7 38.8 32.3
Current smoker (%) 29.5 18.9 16.4 21.2 8.2 6.4 7.1 7.3
≥14 drinks/week (%) 17.2 22.0 12.9 17.3 17.3 21.8 17.7 19.2
Very high psychological distress (%) 8.2 6.6 10.1 8.5 1.6 1.7 3.3 2.0
Moderate/severe functional 
limitation (%)
28.2 23.6 43.7 32.6 13.7 16.3 30.0 18.5
Disability (%)‡ 12.6 8.9 16.5 12.7 4.1 3.8 7.3 4.8
Full-time carer (%) 9.9 9.1 11.5 10.2 4.5 4.7 6.6 5.1
Prior serious illness (%) 15.5 22.3 37.8 26.5 14.7 19.2 25.8 19.0
Poor or fair health (%) 23.4 20.0 37.0 27.7 9.3 10.6 21.1 12.6
*Less than 2% of the cohort was underweight (n=26 Aboriginal and n=2565 non-Aboriginal participants); these data are not displayed, but they are included in the total. The 
sample size may not equal the total N for variables with missing data.
†Left school before completing Year 12.
‡Assistance required for daily tasks.
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obese (PR=0.78, 95% CI 0.64 to 0.95). There was a significant 
interaction for smoking status (P value for interaction=0.03). For 
both Aboriginal and non-Aboriginal adults, obesity prevalence 
decreased significantly with increasing alcohol consumption.
Association between health status factors and obesity
Obesity was significantly more common among Aboriginal and 
non-Aboriginal participants with disability  (PR=1.38, 95% CI 
1.18  to  1.63  and  PR=1.81,  95%CI  1.76  to  1.86)  and  prior 
serious  illness  (PR=1.81,  95%CI  1.59  to  2.05  and  PR=1.74, 
95% CI 1.71 to 1.77), and there was a significant trend towards 
increasing obesity prevalence with increasing levels of psycho-
logical distress and functional limitation and decreasing levels 
of self-rated health (figure 4). Membership in the poorest versus 
best health status category was associated with up to a twofold 
and threefold increase in age-adjusted and sex-adjusted obesity 
prevalence, and up to an 26.8% and 22.4% absolute increase in 
unadjusted obesity prevalence for Aboriginal and non-Aborig-
inal participants, respectively.
The direction of relationships was the same for Aboriginal 
and non-Aboriginal participants across all exposures, and abso-
lute differences in unadjusted obesity prevalence were similar in 
magnitude; however, the PR gradients were stronger (P value for 
interaction <0.05) for psychological distress, functional limitation, 
disability and self-rated health among non-Aboriginal participants.
explanatory contribution of key factors to the excess 
obesity prevalence among Aboriginal versus non-Aboriginal 
participants
We examined the contribution of key factors to the excess 
obesity prevalence among Aboriginal compared with non-Ab-
original participants in the full sample (n=214 816). When key 
health behaviours were added to the base model, the PR was 
reduced from 1.65 (95% CI 1.55 to 1.76) to 1.56 (95% CI 
1.46 to 1.66; 14.1% reduction from base model), and when key 
Figure 1 (A) Distribution of body mass index among 45 and Up study 
participants by Aboriginal status and (B) proportion (and 95% CI) obese 
by age group, sex and Aboriginal status.
Figure 2 Obesity prevalence and prevalence ratios among Aboriginal and non-Aboriginal participants according to sociodemographic factors. 
Total n=1515 Aboriginal participants and 213 301 non-Aboriginal participants across all models; a category for missing data was included for each 
exposure variable but these results are not presented. Prevalence ratios are adjusted for age (in 5-year increments up to age <80 and ≥80 years) and 
sex, where appropriate. Horizontal lines represent 95% CIs around point estimates; the CIs in the non-Aboriginal sample are very narrow and are thus 
obscured by the marker for the point estimate. *Significant trend across categories among Aboriginal participants (only tested for ordinal variables). † 
Significant trend across categories among non-Aboriginal participants (only tested for ordinal variables). SEIFA, Socio-Economic Index for Areas.
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socioeconomic factors were added to the base model, the PR 
was reduced to 1.43 (95% CI 1.34 to 1.52; 33.9% reduction). 
After adjustment for both health behaviours and socioeconomic 
factors, the point estimate for PR was reduced from 1.65 to 1.36 
(95% CI 1.28 to 1.44; 45.0% reduction).
sensitivity analyses
Across all variable domains, the exclusion of underweight partic-
ipants did not materially change results (all PR changes<10%; 
data not shown). After excluding participants with disability or 
functional limitation, the relationship of BMI to physical activity, 
screen time and standing time within the Aboriginal and non-Ab-
original samples did not materially change, and the P values for 
interactions for physical activity and screen time were no longer 
significant (0.08, 0.26); the P value for interaction for standing 
time remained non-significant (0.75) (see online supplementary 
supporting information file 2, figure S1).
dIsCussIon
Obesity prevalence was nearly 70% higher among Aboriginal 
compared with non-Aboriginal Australian adults in our study 
(PR=1.65, 95% CI 1.55 to 1.76). This is consistent with national 
Figure 3 Obesity prevalence and prevalence ratios among Aboriginal and non-Aboriginal participants according to health behaviour factors. 
Total n=1515 Aboriginal participants and 213 301 non-Aboriginal participants across all models; a category for missing data was included for each 
exposure variable but these results are not presented. Prevalence ratios are adjusted for age (in 5-year increments up to age <80 and ≥80 years) and 
sex, where appropriate. Horizontal lines represent 95% CIs around point estimates; the CIs in the non-Aboriginal sample are very narrow and are thus 
obscured by the marker for the point estimate. *Significant trend across categories among Aboriginal participants (only tested for ordinal variables). † 
Significant trend across categories among non-Aboriginal participants (only tested for ordinal variables).
Figure 4 Obesity prevalence and prevalence ratios among Aboriginal and non-Aboriginal participants according to health status factors. Total 
n=1515 Aboriginal participants and 213 301 non-Aboriginal participants across all models; a category for missing data was included for each 
exposure variable but these results are not presented. Prevalence ratios are adjusted for age ((in 5-year increments up to age <80 and ≥80 years) and 
sex, where appropriate. Horizontal lines represent 95% CIs around point estimates; the CIs in the non-Aboriginal sample are very narrow and are thus 
obscured by the marker for the point estimate. *Significant trend across categories among Aboriginal participants (only tested for ordinal variables). † 
Significant trend across categories among non-Aboriginal participants (only tested for ordinal variables).
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data from 2011 to 2013 (PR=1.6 for adults aged ≥18 years2), 
and with the excess obesity prevalence observed among Indig-
enous compared with non-Indigenous adults in countries 
including Canada, New Zealand and the USA (PR=1.6–2.0).5 
Relationships between obesity and sociodemographic, health 
behaviour and health status factors were generally similar for 
Aboriginal and non-Aboriginal participants. However, the prev-
alence of most risk factors was higher among Aboriginal versus 
non-Aboriginal participants. A substantial proportion (>40%) 
of the excess obesity prevalence among Aboriginal people was 
explained by ‘known’ proximal risk factors: physical activity, 
screen time, education, remoteness and area-level disadvantage. 
It is likely that poor health and well-being, as well as factors not 
measured in this study (such as racism, food security, disconnec-
tion from culture and land), contribute to the remaining excess 
burden of obesity in this population.7
For both Aboriginal and non-Aboriginal participants, obesity 
was significantly less common among those experiencing advan-
tage at the individual (education, income, employment) and area 
level. To our knowledge, this is the first large-scale evidence on 
the association between these factors and obesity among Aborig-
inal adults. Obesity prevalence among Aboriginal adults did not 
vary significantly by remoteness, consistent with national esti-
mates from 2012 to 3013.2
Obesity prevalence was significantly lower among Aboriginal 
and non-Aboriginal adults with higher levels of physical activity, 
standing time and alcohol intake, and lower levels of screen time; 
to our knowledge, this is the first large-scale evidence on these 
relationships specific to the Aboriginal adult population. While 
we identified a significant difference between Aboriginal and 
non-Aboriginal adults in the relationship of physical activity and 
screen time to obesity in the full sample (significant P value for 
interaction), these interactions were no longer significant when 
the sample was restricted to those who had the ability to be 
physically active (ie, those without functional limitation). This 
demonstrates the importance of considering obesity risk and 
preventive factors within the context of people’s capabilities.
For both Aboriginal and non-Aboriginal adults in our sample, 
obesity prevalence was significantly lower among those with 
higher levels of alcohol intake. Evidence from other popula-
tions on the relationship between alcohol consumption and 
BMI is mixed, potentially attributable to differential impacts 
on BMI by alcohol type or to confounding by factors such 
as smoking, health status or changes in alcohol intake over 
time.19Compared with never-smokers, obesity prevalence was 
higher among both Aboriginal and non-Aboriginal ex-smokers, 
and lower among Aboriginal (but not non-Aboriginal) current 
smokers. These associations have been observed in data from 
cross-sectional and cohort studies of other populations, and 
may be attributable to factors including the impacts of nicotine 
on energy intake and expenditure20–22; however, the association 
between smoking and changes in bodyweight is complex and 
difficult to disentangle from potential confounders including 
diet, physical activity, health status and weight concerns.20 
These findings of cross-sectional association should not be 
interpreted as evidence that alcohol consumption or smoking 
prevents obesity20 22; further, there is also evidence (including 
among Aboriginal Australians23) that heavy smoking is asso-
ciated with increased central fat accumulation, independent 
of BMI, which is associated with increased chronic disease 
risk.20 24 25 Regardless, there is potential benefit in integrating 
weight management support into alcohol and smoking cessa-
tion programmes to mitigate concerns about weight gain asso-
ciated with cessation.
Data were not available to examine caloric intake, but we 
examined the association between obesity and indicators of fruit 
and vegetable intake. We did not observe a significant association 
between obesity and fruit or vegetable intake among Aboriginal 
participants. Evidence on cross-sectional associations between 
weight status and fruit and vegetable intake is mixed; variation 
in the relationship may be partially explained by an inability to 
adjust for total energy intake, differences in the categorisation of 
fruit and vegetable intake and the accuracy of measures, differ-
ences in the types of foods and preparation method, and differ-
ences in adjustment strategy.26 27
Obesity prevalence was significantly lower among Aboriginal 
and non-Aboriginal adults in better physical health and mental 
health; we observed the strongest associations between obesity 
and these measures. For example, obesity prevalence was around 
twofold for Aboriginal participants and threefold for non-Ab-
original participants with poor/fair versus excellent/very good 
self-rated health, and with disability versus no disability. No 
sociodemographic or health risk factor variables were associated 
with an obesity PR of this magnitude. The strong associations 
between obesity and health status factors may reflect the fact 
that many of these relationships are bidirectional and reinforcing 
in nature. Illness and disability both contribute to and are conse-
quences of obesity. Physical impairment that reduces physical 
activity is known to increase BMI. At the same time, high BMI 
itself, and consequences such as diabetes mellitus and cardio-
vascular disease, can further impair physical functioning. Given 
these bidirectional and reinforcing relationships, calculating the 
burden of obesity attributable to poor health status is difficult, 
but it is likely to have a contribution in this direction.
There were generally similar (and often strong) relationships 
between factors and obesity for Aboriginal and non-Aboriginal 
participants. However, the majority of obesity risk factors were 
more commonly observed in the Aboriginal versus non-Aborig-
inal sample. It is well established that Aboriginal people experi-
ence a higher burden of these factors, particularly disadvantage, 
illness and disability, stemming at least in part from inequalities 
in upstream determinants and Australia’s history of colonisa-
tion.8 9 28 Overall, 45.0% of the excess prevalence of obesity in 
the Aboriginal versus non-Aboriginal sample was explained by 
a select set of indicators of socioeconomic position and health 
behaviours. This is a substantial proportion, particularly when 
allowing a reasonable margin of error for the measurement of 
each included factor and considering limited number of factors 
included; we did not adjust for measures of health status given 
the potential for reverse causality.
For some variables, obesity PR was attenuated in the Aborig-
inal versus non-Aboriginal group. However, in many of these 
cases, absolute difference in obesity prevalence (unadjusted) 
across exposure categories was similar, or even greater, in the 
Aboriginal versus non-Aboriginal group. For example, among 
Aboriginal participants, obesity prevalence was 51.9% among 
those with moderate/severe limitation versus 29.5% among 
those with no functional limitation (absolute difference: 22.4%); 
respective prevalences were 35.9% and 13.5% (absolute differ-
ence: 22.4%) among non-Aboriginal participants. Despite equiv-
alent absolute prevalence difference, the relative difference in 
obesity prevalence was significantly larger for the non-Aborig-
inal (PR=3.32, 95% CI 3.24 to 3.40) versus Aboriginal group 
(PR=1.80, 95% CI 1.50 to 2.16). This is largely due to the lower 
base prevalence in the non-Aboriginal sample. This may explain 
the observed differences between Aboriginal and non-Aboriginal 
participants in the relationships of obesity to education, func-
tional limitation, disability and self-rated health. This highlights 
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the importance of considering differences in both relative and 
absolute prevalence.
strengths and limitations
The 45 and Up study includes data on a wide range of socio-
demographic factors, health behaviours and health-related 
factors from a large sample of middle-aged and older Aborig-
inal and non-Aboriginal participants from NSW, Australia. To 
our knowledge, this study is the first internationally to examine 
and directly compare the relationship between obesity and a 
range of factors among Indigenous and non-Indigenous persons 
within the same large-scale dataset. The 45 and Up Study is not 
intended to be representative of the general population, and the 
absolute estimates of obesity prevalence in this study may not be 
representative of that in the general population. However, PRs 
based on internal comparisons, such as those reported here, have 
been shown to be generalisable and remain valid in non-repre-
sentative studies.29 30 The use of cross-sectional data precludes 
demonstration of causality or disentanglement of bidirectional 
relationships.
Reliance on self-reported data, in particular BMI, is a poten-
tial limitation. However, a validation study among 45 and Up 
Study participants demonstrated that, while reported BMI was 
slightly underestimated, it was on average within 1 kg/m2 of 
measured values.31 Research from other populations indicates 
that the extent of biases in self-reported BMI vary by factors 
including age, sex, ethnicity, education and income.32 33 In both 
the Aboriginal and non-Aboriginal sample, BMI may be underes-
timated and obese participants may be misclassified as non-obese. 
If BMI is underestimated across all levels of BMI, our results 
may be biased towards the null. If the extent of underestimation 
of BMI is larger for Aboriginal compared with non-Aboriginal 
participants in our study, the extent of bias towards the null may 
be greater for this group. However, if underestimation increases 
with increasing BMI (for both groups), the effect on associations 
will be limited, but if any, it will bias towards the null. Hence, 
our results are suitably conservative. Further, the observed 
obesity prevalence estimates are consistent with previous esti-
mates based on self-reported height and weight among Aborig-
inal and Torres Strait Islander adults and adults in the general 
Australian population,34 35 and the observed estimates of relative 
risk of obesity for Aboriginal compared with non-Aboriginal 
adults in our study are consistent with national data from 2011 
to 2013 (PR=1.6 for adults aged ≥18 years), which were based 
on measured height and weight.2 Other self-reported measures 
(eg, K-10)36 have been validated for use in this study. There is 
no gold standard method for identification as Aboriginal and/or 
Torres Strait Islander37; use of self-reported individual data on 
identification is a strength of the study given the lack of reliable 
data on Aboriginal status within administrative data. Any error 
in identification would tend to dilute towards null relationships; 
our findings may therefore underestimate true effects.37
BMI is limited as an individual-level measure of adiposity38; 
however, it is a valuable population-level indicator,39 and its 
use was pragmatic for this study, given the absence of other 
measures. Previous research has indicated that Aboriginal and 
Torres Strait Islander, compared with non-Indigenous, Austra-
lians may have different distribution and higher content of body 
fat for a given BMI.40 41 Therefore, high BMI may have an even 
stronger association with disease among Aboriginal and Torres 
Strait Islander Australians.
We were limited to examining exposures measured in the 45 
and Up Study and unable to examine factors relating to culture, 
spirituality or social connectedness, which may be important 
contributors to weight status.7 Further, we were unable to 
explore broader family-level or community-level factors, which 
are critical to holistic (rather than strictly biomedical) under-
standings of well-being.7
ConClusIon
The relationships between obesity and selected socioeconomic 
factors, health behaviours and health status were generally 
similar for Aboriginal and non-Aboriginal adults in our study. 
The prevalence of many obesity risk factors was higher in the 
Aboriginal compared with non-Aboriginal sample, and a set 
of key socioeconomic factors and health behaviours explained 
>40% of the excess obesity prevalence among Aboriginal 
compared with non-Aboriginal participants. Potential targets 
for promoting healthy BMI include socioeconomic and health 
behaviour factors, but these need to be considered within the 
context of health status and other upstream social and cultural 
factors.7
Particular attention is needed to address obesity in those with 
multiple health needs and disability. A very high percentage of 
Aboriginal and Torres Strait Islander adults experience functional 
limitation or poor health, and it is necessary to support obesity 
prevention and mitigation efforts for people at this level of risk. 
The relationship between physical health and obesity is likely to 
be bidirectional, with obesity being both a result and cause of 
disability and morbidity. Obesity prevention and management 
must take into account functional impairment and illness, espe-
cially for Aboriginal and Torres Strait Islander adults. Critically, 
efforts to promote healthy weight need to be designed in part-
nership with Aboriginal and Torres Strait Islander peoples, and 
ensure programmes and policies are culturally appropriate and 
relatable.7
What is already known on this subject
 ► High body mass index (BMI) is the second leading contributor 
to Australia’s burden of disease and is particularly prevalent 
among Indigenous peoples. The factors underlying this excess 
prevalence are unknown.
What this study adds
 ► To our knowledge, this study is the first internationally to 
examine and directly compare the relationship between 
obesity and a wide range of factors among Indigenous and 
non-Indigenous adults within the same dataset.
 ► Factors related to obesity were generally similar for 
Aboriginal and non-Aboriginal participants, but many risk 
factors were more common among Aboriginal participants; 
selected factors accounted for >40% of the excess Aboriginal 
obesity prevalence.
 ► Potential targets for promoting healthy BMI include 
socioeconomic and health behaviour factors, but these need 
to be considered within the context of upstream social and 
cultural factors, particularly for Aboriginal adults. Adults with 
health needs and disability require particular attention.
Acknowledgements This research was conducted using data collected through 
the 45 and Up Study (www. saxinstitute. org. au). The 45 and Up Study is managed 
by the Sax Institute in collaboration with major partner Cancer Council NSW; and 
partners: the National Heart Foundation of Australia (NSW Division); NSW Ministry 
 o
n
 27 M
arch 2019 by guest. Protected by copyright.
http://jech.bmj.com/
J Epidem
iol Com
m
unity Health: first published as 10.1136/jech-2017-210064 on 7 March 2018. Downloaded from 
498 Thurber KA, et al. J Epidemiol Community Health 2018;72:491–498. doi:10.1136/jech-2017-210064
Physical activity and obesity
of Health; NSW Government Family & Community Services – Ageing, Carers and 
the Disability Council NSW; and the Australian Red Cross Blood Service. The authors 
thank the many thousands of people participating in the 45 and Up Study. They also 
thank members of the Aboriginal Reference Group for Cardiovascular Health for 
providing insight into the manuscript and the Human Research Ethics Committee 
of the Aboriginal Health and Medical Research Council of New South Wales for 
reviewing and approving the manuscript.
Contributors EB, RK, SJE, VW, HB and BL conceived the study. KAT conducted 
the analysis and drafted the manuscript. GJ provided statistical advice. All authors 
provided critical input into each version of the manuscript and approved the final 
version.
Funding This work was supported by the National Health and Medical Research 
Council of Australia and Heart Foundation of Australia Partnership Project (reference: 
1092674). 
Competing interests EB and BL are supported by the National Health and 
Medical Research Council of Australia (reference: 1042717, 1069477). KT is 
supported by the Lowitja Institute (reference: 1344).
Patient consent Detail has been removed from this case description/these case 
descriptions to ensure anonymity. The editors and reviewers have seen the detailed 
information available and are satisfied that the information backs up the case the 
authors are making. 
ethics approval The 45 and Up study is conducted with ethics approval from the 
Human Research Ethics Committees of the University of New South Wales (reference: 
10186). Research presented here was conducted with additional approval from the 
Aboriginal Health and Medical Research Council of New South Wales (reference: 
1006/14).
Provenance and peer review Not commissioned; externally peer reviewed.
data sharing statement Access to the 45 and Up Study dataset is available to 
researchers according to conditions and procedures described here: https://www. 
saxinstitute. org. au/ our- work/ 45- up- study/ for- researchers/
open Access This is an Open Access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work 
is properly cited and the use is non-commercial. See: http:// creativecommons. org/ 
licenses/ by- nc/ 4. 0/
© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2018. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.
RefeRences
 1 Australian Institute of Health and Welfare. AIHW Australian Burden of Disease Study: 
impact and causes of illness and death in Australia 2011. Australian Burden of 
Disease Study series no. 3. In:  ed. Canberra, 2016.
 2 Australian Bureau of Statistics. 4727.0.55.006 - Australian Aboriginal and torres 
strait islander health survey: updated results, 2012-13. 2014. http://www. abs. gov. au/ 
AUSSTATS/ abs@. nsf/ mf/ 4727. 0. 55. 006 (accessed 19 Apr 2016).
 3 Australian Institute of Health and Welfare. AIHW Australian Burden of Disease Study: 
impact and causes of illness and death in Aboriginal and Torres Strait Islander people 
2011. Australian Burden of Disease Study series No. 6. In:  ed. Canberra, 2016.
 4 Australian Bureau of Statistics. 4364.0.55.001 - Australian health survey: updated 
results, 2011–12. 2012 http://www. abs. gov. au/ ausstats/ abs@. nsf/ mf/ 4364. 0. 55. 003 
(accessed 19 Apr 2016).
 5 Anderson I, Robson B, Connolly M, et al. Indigenous and tribal peoples’ health 
(The Lancet-Lowitja Institute Global Collaboration): a population study. Lancet 
2016;388:131–57.
 6 Valeggia CR, Snodgrass JJ. Health of indigenous peoples. Annu Rev Anthropol 
2015;44:117–35.
 7 Bell R, Smith C, Hale L, et al. Understanding obesity in the context of an Indigenous 
population-A qualitative study. Obes Res Clin Pract 2017;11:558–66.
 8 Gracey M, King M. Indigenous health part 1: determinants and disease patterns. 
Lancet 2009;374:65–75.
 9 King M, Smith A, Gracey M. Indigenous health part 2: the underlying causes of the 
health gap. Lancet 2009;374:76–85.
 10 Australian Bureau of Statistics. 2071.0 - Census of population and housing: reflecting 
australia - stories from the census, 2016. 2017 http://www. abs. gov. au/ ausstats/ 
abs@. nsf/ mf/ 2071.0 (accessed 21 Nov 2017).
 11 Banks E, Redman S, Jorm L, et al. Cohort profile: the 45 and up study. Int J Epidemiol 
2008;37:941–7.
 12 Whitlock G, Lewington S, Sherliker P, et al. Body-mass index and cause-specific 
mortality in 900 000 adults: collaborative analyses of 57 prospective studies. Lancet 
2009;373:1083–96.
 13 The Sax Institute. 45 and up study technical note 2: update to Q6: are you of 
Aboriginal or Torres Strait Islander origin? 26 March. Sydney, Australia: The Sax 
Institute, 2013.
 14 Australian Institute of Health and Welfare. Rural, regional and remote health: a guide 
to remoteness classifications. AIHW Catalogue PHE no. 53. Canberra: AIHW, 2004.
 15 Pink B. Socio-Economic Indexes for Areas (SEIFA) - Technical Paper. ABS Catalogue no. 
2039.0.55.001. Canberra, Australia: Australian Bureau of Statistics, 2006.
 16 Banks E, Jorm L, Rogers K, et al. Screen-time, obesity, ageing and disability: findings 
from 91 266 participants in the 45 and Up Study. Public Health Nutr 2011;14:34–43.
 17 Stewart A, Kamberg CJ. Physical functioning measures. In: Stewart A, Ware JE, eds. 
Measuring functioning and well-being: the Medical Outcomes Study approach. 
Durham, North Carolina: Duke University Press, 1992.
 18 Beauchamp A, Peeters A, Wolfe R, et al. Inequalities in cardiovascular disease 
mortality: the role of behavioural, physiological and social risk factors. J Epidemiol 
Community Health 2010;64:542–8.
 19 Sayon-Orea C, Martinez-Gonzalez MA, Bes-Rastrollo M. Alcohol consumption and 
body weight: a systematic review. Nutr Rev 2011;69:419–31.
 20 Chiolero A, Faeh D, Paccaud F, et al. Consequences of smoking for body weight, body 
fat distribution, and insulin resistance. Am J Clin Nutr 2008;87:801–9.
 21 Kaufman A, Augustson EM, Patrick H. Unraveling the Relationship between Smoking 
and Weight: The Role of Sedentary Behavior. J Obes 2012;2012:1–11.
 22 Dare S, Mackay DF, Pell JP. Relationship between smoking and obesity: a cross-
sectional study of 499,504 middle-aged adults in the UK general population. PLoS 
One 2015;10:e0123579.
 23 Guest CS, O’Dea K, Carlin JB, et al. Smoking in aborigines and persons of European 
descent in southeastern Australia: prevalence and associations with food habits, 
body fat distribution and other cardiovascular risk factors. Aust J Public Health 
1992;16:397–402.
 24 Kim JH, Shim KW, Yoon YS, et al. Cigarette smoking increases abdominal and visceral 
obesity but not overall fatness: an observational study. PLoS One 2012;7:e45815.
 25 Clair C, Chiolero A, Faeh D, et al. Dose-dependent positive association between 
cigarette smoking, abdominal obesity and body fat: cross-sectional data from a 
population-based survey. BMC Public Health 2011;11:23.
 26 Tohill BC, Seymour J, Serdula M, et al. What epidemiologic studies tell us about the 
relationship between fruit and vegetable consumption and body weight. Nutr Rev 
2004;62:365–74.
 27 Ledoux TA, Hingle MD, Baranowski T. Relationship of fruit and vegetable intake with 
adiposity: a systematic review. Obes Rev 2011;12:e143–e150.
 28 Gubhaju L, McNamara BJ, Banks E, et al. The overall health and risk factor profile of 
Australian Aboriginal and Torres Strait Islander participants from the 45 and up study. 
BMC Public Health 2013;13:661.
 29 Rothman KJ, Gallacher JE, Hatch EE. Why representativeness should be avoided. Int J 
Epidemiol 2013;42:1012–4.
 30 Mealing NM, Banks E, Jorm LR, et al. Investigation of relative risk estimates from 
studies of the same population with contrasting response rates and designs. BMC 
Med Res Methodol 2010;10:26.
 31 Ng SP, Korda R, Clements M, et al. Validity of self-reported height and weight and 
derived body mass index in middle-aged and elderly individuals in Australia. Aust N Z 
J Public Health 2011;35:557–63.
 32 Wen M, Kowaleski-Jones L. Sex and ethnic differences in validity of self-reported adult 
height, weight and body mass index. Ethn Dis 2012;22:72.
 33 Merrill RM, Richardson JS. Validity of self-reported height, weight, and body mass 
index: findings from the National Health and Nutrition Examination Survey, 2001-
2006. Prev Chronic Dis 2009;6:A121.
 34 Australian Institute of Health and Welfare. Aboriginal and torres strait Islander health 
performance framework, 2006 report: detailed analyses. AIHW cat. no. IHW 20. 
Canberra: AIHW, 2007.
 35 Australian Bureau of Statistics. 4364.0 - National Health Survey: summary of results, 
2007-2008 (reissue). Canberra: ABS, 2009. http://www. abs. gov. au/ ausstats/ abs@. nsf/ 
mf/ 4364.0 (accessed 7 Feb 2017).
 36 McNamara BJ, Banks E, Gubhaju L, et al. Measuring psychological distress in older 
Aboriginal and Torres Strait Islanders Australians: a comparison of the K-10 and K-5. 
Aust N Z J Public Health 2014;38:567–73.
 37 Christensen D, Davis G, Draper G, et al. Evidence for the use of an algorithm 
in resolving inconsistent and missing Indigenous status in administrative data 
collections, 2014.
 38 de Onis M, Lobstein T. Defining obesity risk status in the general childhood 
population: which cut-offs should we use? Int J Pediatr Obes 2010;5:458–60.
 39 Reilly JJ, Dorosty AR, Emmett PM. Identification of the obese child: adequacy of the 
body mass index for clinical practice and epidemiology. Int J Obes Relat Metab Disord 
2000;24:1623–7.
 40 Kondalsamy-Chennakesavan S, Hoy WE, Wang Z, et al. Anthropometric measurements 
of Australian Aboriginal adults living in remote areas: comparison with nationally 
representative findings. Am J Hum Biol 2008;20:317–24.
 41 Piers LS, Rowley KG, Soares MJ, et al. Relation of adiposity and body fat distribution 
to body mass index in Australians of Aboriginal and European ancestry. Eur J Clin Nutr 
2003;57:956–63.
 o
n
 27 M
arch 2019 by guest. Protected by copyright.
http://jech.bmj.com/
J Epidem
iol Com
m
unity Health: first published as 10.1136/jech-2017-210064 on 7 March 2018. Downloaded from 
